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[57] ABSTRACT 
Phenol or a substituted phenol is oxidized to the corre 
sponding benzoquinone or substituted benzoquinone in 
a nitroalkane solvent in the presence of a copper ion 
catalyst promoted with a base selected from alkali metal 
phenoxides, and secondary or tertiary lower alkyl 
amines. 
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PROCESS FOR OXIDIZING A PHENOL TO A 
P-BENZOQUINONE 

This application is a continuation-in-part of applica 
tion Ser. No. 423,985 ?led Sept. 27, 1982 now aban 
doned. 

BACKGROUND OF THE INVENTION 

It is known in the art to oxidize phenol to p-benzoqui 
none with oxygen in the presence of a copper ion cata 
lyst and such a process is disclosed in US. Pat. No. 
3,987,068. In that patent the oxidation is carried out in a 
nitrile solvent using a complex formed from the copper 
catalyst and the solvent, and the operating conditions 
are said to be a temperature of from about 0° to 100° C. 
and a partial pressure of oxygen of from about 7 to 200 
(preferably 14 to 100) atmospheres. As pointed out in 
U.S. Pat. No. 3,987,068, yield of quinone product in 
crease with increased partial pressure of oxygen and it 
appears from the data therein that partial pressures of 
oxygen above about 100 atmospheres are required in 
order to achieve conversions of phenol to p-benzoqui 
none on the order of about 75%. Such oxygen pressures 
are too high to be useful in an economical commercial 
process because they require special equipment of high 
capital cost. 

U.S. Pat. No. 3,870,731 relates to the oxidation of 
phenols to benzoquinones in the presence of copper 
salts as catalysts where an anionic liquid of the catalyst 
such as thiocyanate, cyanate, cyanide and halogen ions 
improve catalyst activity. In such reactions a solvent 
such as water is disclosed and other polar solvents solu 
ble or miscible with water may be used. Such solvents 
are exempli?ed by certain amides, alcohols, and sulfox 
ides. It is also stated that any of the various solvents may 
be used alone or in combination with water in any de 
sired ratio. 

In our U.S. patent application Ser. No. 284,893 ?led 
July 20, 1981 now abandoned and its continuation appli 
cation Ser. No. 423,984 ?led Sept. 27, 1982 now aban 
doned, we disclose that the copper catalyzed oxidation 
of a phenol to a p-benzoquinone can be signi?cantly 
improved by carrying out the reaction in a nitrile sol 
vent and using a divalent copper catalyst promoted 
with a alkali metal base wherein the molar ratio of base 
to copper catalyst is no greater than 2.0. Use of about 
10% by volume or less of water in the reaction system 
gives further improvement to the reaction in that selec 
tivity is increased. 

In our U.S. patent application Ser. No. 339,965 ?led 
Jan. 18, 1982 we disclose that a copper catalyzed pro 
cess for oxidation of a phenol to a p-benzoquinone can 
be signi?cantly improved so as to enable operation at 
lower, commercially useful pressures and while also 
achieving an improved selectivity to product, by con 
ducting the oxidation of phenol in the presence of a 
monovalent copper ion catalyst (e. g. Cu+) in a conven 
tional solvent system, preferably a nitrile solvent, which 
is modi?ed with water. 

SUMMARY OF THE INVENTION 

Another technique has now been found to improve 
the copper catalyzed process for oxidation of a phenol 
to p-benzoquinone or a substituted benzoquinone so as 
to enable operation at increased rate of reaction and 
selectivity to product. In accord with this invention, 
such objectives are achieved by conducting the oxida 
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2 
tion of a phenol in a nitroalkane as a solvent and in the 
presence of a copper ion catalyst which is promoted 
with a base selected from alkali metal phenoxides and 
secondary or tertiary lower alkyl amines. 
According to the invention, phenol and substituted 

phenols are converted to corresponding p-benzoqui 
none and substituted p-benzoquinones as illustrated in 
the following reaction: 

OH 

R] R3 
02 

R2 R4 R2 

wherein R1, R1, R3 and R4 may be the same or different 
and may comprise hydrogen, halo or cyano, alkyl or 
alkoxy containing 1 to about 12 carbon atoms; phenyl, 
naphthyl, phenylalkyl, alkylphenyl, phenoxy or phe 
nalkoxy, containing 7 to about 16 carbon atoms; and R1 
and R2 or R3 and R4 may be joined to form an aliphatic, 
aryl or hetero ring. Speci?c R groups include chloro, 
cyano, methyl, ethyl, propyl, butyl, isobutyl, tert-butyl, 
pentyl, p-tolyl, p-anisyl, methoxy, t-butoxy, phenoxy, 
p-methylphenoxy, and the like. Preferred phenols useful 
in the process are phenol, o-chlorophenol, o-cresol, 
m-cresol, 2,5-and 2,6-di-t-butylphenol, 2-t-butylphenol, 
2,6-dimethylphenol, and l-naphthol. When R1 and R2 or 
R3 and R4 joined, the resulting p-benzoquinones will be 
those derived from naphthalene, quinoline, isoquino 
line, chroman (dihydrobenzopyran), indole and the like. 

In carrying out the process of the invention, conven 
tional temperature conditions and a monovalent or di 
valent copper catalyst may be used. Thus, a tempera 
ture of from about 20° to about 100° C. (preferably 
about 50° to 75° C.) will be employed. The copper 
catalyst will preferably be a copper halide, preferably 
chloride, although nitrate is operable and mixtures of 
such salts also may be used. The mole ratio of catalyst to 
phenol reactant may very widely, on the order of from 
about 50:1 to 1:1, preferably about 15:1 to 5:1. The base 
promoter will be selected from the group of alkali metal 
phenoxides (e.g. sodium, potassium, lithium and cesium 
phenoxides) and secondary or tertiary lower alkyl 
amines (e.g. C1 to C4 alkyl amines) such as dimethylam 
ine, diethylamine (DEA), dibutylamine, trimethyl 
amine, tripropylamine, triethylamine (TEA) and the 
like. The amount of promoter is not critical. Suitable 
amounts are from about 0.1 to about 1.9 mole promoter 
per mole of catalyst, preferably about 1:1. As indicated 
above, the reaction can be carried out at moderate pres 
sures, generally between about 100 and about 500 psig 
partial pressure of oxygen, preferably between about 
200 and 400 psig. Mixtures of oxygen and nitrogen, air 
alone, or oxygen alone may be used, but preferably 
mixtures of oxygen and nitrogen such as air will be 
employed as the oxygenating medium. 
As indicated, the solvent used in the process may be 

a C1 to C6 nitroalkane (preferably C1110 C3)such as nitro~ 
methane, nitroethane and the nitropropane isomers. 
Nitromethane is the preferred solvent. 

In order to further illustrate the invention, the follow 
ing examples are given: 
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EXAMPLE 1 

A solution of 16 mmole of phenol in 5 ml. of nitro 
methane containing 0.55 mmole of catalyst and 0.55 
mmole of the base was agitated in a magnetically stirred 
mini-autoclave under an initial total pressure of 750 psig 
and was oxidized over a three-hour period with a mix 
ture of 40% (vol.) oxygen and 60% nitrogen. The reac 
tion parameters and results obtained are shown in the 
following Table I. Substantially improved conversions 
and/or selectivities were achieved. 

TABLE 1 

EFFECT OF BASES ON THE RATE AND SELECTIVITY 
OF THE COPPER CATALYZED OXIDATION OF PHENOL 

CATA- SOL- coNv. SELECTIV 
RUN LYST BASE VENT (%) ITY(%) 

1 CuClg .- CH3NO2 2s 43 
2 CuClZ LiOPh CH3NO2 31 62 
3 CuClz TEA cH3No2 s2 43 
4 CuClz DEA CH3NO2 6O 35 
5 CuCl _ CH3NO2 17 2s 

6 CuCl LiOPh CH3NO2 42 56 
7 CuCl TEA CHgNO; s7 40 
s CuCl DEA CH3NO2 62 3s 

EXAMPLES 2-7 

In experiments which may be conducted substantially 
as described in example 1, except for substitution of the 
substituted phenols listed below, good improvements in 
selectivity to the corresponding substituted benzoqui 
nones, conversion and/or yield are achieved: 

TABLE II 

Ex. No Substituted phenol Product 

2 o-cresol Z-methyl-p-benzoquinone 
3 m-cresol Z-methyl-p-benzoquinone 
4 2,6-dimethylphenol 2,6-dimethyl-p‘benzoquinone 
5 2,6-di-t-butylphenol 2,é-di-tert-butyl-p-benzoquinone 
6 o-t-butylphenol 2<tert-butyl-p-benzoquinone 
7 2,5-di-t-butylphenol 2,5-di-tert-butyl-p-benzoquinone 

We claim: 
1. In the process of oxidizing phenol or a substituted 

phenol of the formula 
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OH 

R1 R3 

R2 R4 

wherein R1, R1, R3, and R4 may be the same or differ 
ent, and are selected from the group consisting of hy 
drogen, halo, cyano, C1-C1; alkyl, C1-C1; alkoxy, 
phenyl, naphthyl, phenylalky, alkylphenyl, C7-C16 phe 
noxy, or C7-C16 phenalkoxy; and R1 and R2, or R3 and 
R4 may be joined to form an aliphatic, aryl, or hetero 
ring selected from the group consisting of naphthalene, 
quinoline, isoquinoline, chroman, and indole, to benzo 
quinone or a substituted benzoquinone of the formula 

OH 

R3 

where R1, R2, R3, and R4 are as de?ned above, with a 
copper salt catalyst selected from the group of halides 
and nitrates, the improvement which comprises carry 
ing out the reaction in a C1 to C6 nitroalkane as solvent 
and promoting the catalyst with a base selected from 
alkali metal phenoxides, and secondary or tertiary 
lower alkyl amines. 

2. The process of claim 1 wherein the solvent is nitro 
methane. 

3. The process of claim 2 wherein the promoter is 
lithium phenoxide. _ 

4. The process of claim 1 wherein the phenol is an 
alkylphenol. 

5. The process of claim 4 wherein the alkylphenol is 
o-cresol or m-cresol. 

6. The process of claim 4 wherein the alkylphenol is 
di-methylphenol. 

7. The process of claim 4 wherein the alkylphenol is 
a di-tert-butylphenol. 

8. The process of claim 4 wherein the alkylphenol is 
o-t-butylphenol. 

* * * * * 


